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Identical Lectin Binding Patterns of Human Melanocytes and Melanoma 
Cells In Vitro 
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Departm.ent of Dermatology, University of ln.n.sbruc/1, In.n.sbru.ch, Austria. 
Cell surface glycoconjugate patterns of human epider-
mal cells and of m elanoma cells (MC) in primary culture 
d erived from 11 primary and metastatic melanomas 
were investigated u s ing fluorescent and horseradish per-
oxidase conjugated lectins for visualization at the light 
a nd e lectron microscopic level. The lectin labeling pro-
files of human melanocytes (M) and MC were found to be 
identical. According to their binding patterns, the lectins 
tested w ere grouped into three categories: (1) lectins 
binding to both k eratinocytes (K) and M/MC, irrespec-
tive of neuraminidase pretreatment (concanavalin-A, 
wheatgerm agglutinin, succinylated wheatgerm agglu-
tinin); (2) lectins binding to K but not to M/MC, irre-
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Abbreviations: 
a-0-GaiNAc: N-acetyl-alpha-D-galactosaminyl 
u- 0 -G ic: alpha-0 -glucosyl 
a-D- Man: alpha-D-mannosyl 
u-L-Fuc: alpha-L-fu cosyl 
~-D-Ga l : ~ -D-galactosy l 
/3-D-GicNAc: N-acetyl-~-D-glucosaminy l 
Con-A: concanavalin A 
l-IP A: Helix pomatia agglutinin 
K: kerat.inocyte(:) 
M: melanocyte(s) 
MC: melanoma cell (s) 
NANA: sialic ac id 
PBS: phosphate-buffered saline 
PNA: peanut agglu tinin 
SBA: sobyean agglu tinin 
UEA I: Ulex eu.ropaeus agglu tinin I 
WGA: wheatgerm agglu tinin 
s p ective of neuraminidase pretr eatment ( Ulex europaeus 
agglutinin I); (3) lectins binding to K, but to M / MC only 
after n e uraminidase pre treatment (soybean, Helix po-
matia, and p eanut agglutinins) . Untreated M were r eac-
tive for soybean and peanut agglutinins only at contact 
s ites with K. Since the lectins from soybean, Helix, and 
p eanut bind s pecifica lly to D-galactose and N-acetyl-D-
galactosamine r esidues, we conclude that these particu-
la r glycoconjugates are normally m asked by sialic acid 
on M/MC surfaces and can b e unmasked by neura mini-
d ase. These features, which have been previously ob-
served in guinea pig M, appear to b e interspecies surface 
marke r s of melanocytic cells which remain una ltered in 
the course of malignant transformation. 
Mela nocytes (M) differ from keratinocytes (K) in vivo as well 
as in vitro by a number of impor tant beh avioral parameters, 
which may be re lated to differences in surface organization 
(sha pe, prolifera tion, motility, substrate adhesion). In previous 
studies on guinea pig epidermal cell cultures, we have shown 
that such differences can in fact be demonstrated for the 
distribu tion a nd latera l mobility of a nionic surface sites [1]. As 
a further distinguishing feature, terminal D -galactose (D-Gal) 
and N -acetyl-galactosamin e (GalNAc) residues were found 
masked by sialic acid on guinea pig M surfaces in lectin binding 
experiments; unmasking could be achieved by neuraminidase 
[2]. 
In this study we demonstrate t hat human M a nd K display 
very similar lectin binding pattem s to guinea pig cells. Further-
more, the lectin binding pattem s of normal huma n M a nd th eir 
response to neuraminidase were found to be identical to that of 
cul t ured mela noma cells (MC). The masking of terminal D-Gal 
a nd GaiNAc by sialic acid therefore appears to be a n interspe-
cies surface marker of mela nocytic cells a nd to remain r emark-
ably stable in the course of m aligna n t tra nsformation. 
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MATERIALS AND METHODS 
Design of Experiments 
Prima ry cultuTes from normal human epidermis (n of experiments 
= 15) a nd from primary or metastatic melanomas (n = 11) selected to 
cover the entire clinical range of melanomas (Table 1) , were subjected 
to labeling experiments using a battery of lectins of differe nt sugar 
specificities (Table II) at both the light and electron microscopic level. 
Labeling was performed on unfixed viable ce lls both with a nd without 
neuraminidase pretreatment. 
Culture T echniques 
Prim ary hum'ct.n epiderm al cell cultures were prepared from norma l 
spli t- or full -thickness skin obtained fmm plastic surgery. Small sheets 
of skin were cleared from subcutaneous fat, and floated on 0.5% trypsin 
in phosphate-buffered saline (PBS) at 37°C for 1-3 h, depending on 
skin thickness. Epidermis was then mechanica lly separated from the 
dermis and gently teased. The resu lt ing epidermal ce ll suspension was 
washed, resuspended in Hepes- buffered Eagle's minimum essential 
mediu m conta ining J 0% fetal calf serum and gentamicin and plated 
onto coverslips (fluorescent microscopy) , tissue cul ture chamber-slides 
(Lab-Tek/ Miles, USA) , or 35-mm Petri dishes (N unc, Denmark) (elec-
tron microscopy). 
M elanonw cell cult.u.res: Cell suspensions were obtained either by 
trypsinization of fl at lesions (lentigo ma ligna, superficial spreading 
melanoma) or mechanically by dissection and gentle teasing of nod ular 
lesions (metastases and nodular portions of primary melanomas). P lat-
ing was performed as described above. 
All media and reagents for t issue culture were purchased from Flow 
Laboratories (Irvine, Scotland) . 
Lectin. Labeling 
Labeling techniques: The experiments were carried out with fluo-
rescein (FITC), rhodamine (TRITC), and horseradish peroxidase 
(HRP) conjugated lectins on unfixed 3- to 6-day-old cul tures to avoid 
possible fi xation-induced a lteration of surface glycoconjugates. To elim-
inate redis tribution phenomena and endocytic uptake of lectins, a ll 
incubation and rinsing steps were carried out at 4 °C using precooled 
TABLE I. M elan om.a8 in vest.iga t.ed 
Lentigo maligna 
Superficia l spread ing melanomas 
Nodular portion of lentigo maligna melanoma 
Nodular portion of superficial spreading melanoma 
Cutaneous metastases 
Lymph node metastases 
TABLE 
Group Leclins used 
Con-A" 
WGA" 
Succinylated 
WGA" 
II UEA I" 
III SEA" 
HPA" 
PNA" 
II. L ectin labeling patterns 
Melanocytes 
and mela-
Major sugar spcc ilic· noma cells 
ity untreated/ 
Neuramini-
dase t reated 
a-D-Gic, <r-D-Man +/ + 
/J-D-G lcNAc, +I + 
NANA 
/J-D-GlcNAc +/+ 
a-L-Fuc -I-
a -D-GalNAc -/+ 
-I+ 
,8-D-Gal -/++ 
(terminal) 
Abbreviations: See footnote to first page. 
l. 
3 
2 
3 
Ke ratinocyies 
un treated/ 
Neuramini -
dase t reated 
+I+ 
+I + 
+/ + 
+I + 
+/++ 
+I++ 
+/ ++ 
Inhibitory sugars used (0.1-0.2 M) : Con-A: a-methyl-D-glucopyrano-
side; (succinylated) WGA: N'N'-diacetyl-chitobiose; UEA I: L-fucose; 
SBA, HPA: N-acetyl-D-galactopyranoside; PNA: a-methyl-D-galacto-
pyranoside. 
" Fluorescent and ultrastructural labe ling. 
1
' Only flu orescent labe ling. 
solu tions. For fluorescent labe ling, solu tions conta ined 0.02% sodium 
az ide. Specificity of lectin binding was established by incubation of 
control cul tw·es with the respective lectin in the presence of its specific 
inhibi tory sugar (0.1-0.2 M). Additional controls included: (1) incubation 
of cultures wi th noninhibitory suga r to rule out inhibi tory effects due 
to cha nges in osmolarity; (2) labeling of prefD:ed cells; (3) omission of 
the flu orescent and HRP-conjugated lectins to determine the amoun t 
of autoflu orescence and endogenous peroxidases, respectively;· and (4) 
incubation with pure HRP, to exclude possible interaction of the 
carbohydn1te moiety of HRP with the cell surface [3). 
Determination of lectin concentrations, labeling procedures, a nd 
processing for electron microscopy were performed as described in 
detail elsewhere [2]. Fluorecent lectins were used at concentrat ions 
ranging from 25-100 J.Lg/ ml PBS, supplemented with 0.02% sodium 
azide, pH 7.35; HRP conjugated lectins at 200 ftg/ m l PBS, pH 7.35. 
Lectin conjugates were obtained from E-Y Laboratories (San Mateo, 
Ca li forn ia), Vector Laboratories (Burlingame Cali fornia), and Miles-
Yeda (Rehovot, Israel), inhibito ry sugars from Sigma Chemical Co. (St. 
Louis, Missouri ). 
Neuraminidase pretreat.m.ent: Cul tures were exposed to Vibrio 
comma neuraminidase (Behringwerke, Ma rburg, FRG) for 60 min at 
37°C at a concentration of 0.01 IU/ ml in serum-free medium, t hor-
oughly rinsed with PBS, and then subj ected to lectin labeling. 
Identification of cult.ured cells: M and I< were distinguished by the 
established light microscopic morphologic cri teria [4]. At the electron 
microscopic level, M were ident ified by the presence of melanosomes 
and K by bundles of tonofilaments and melanosome complexes. 
MC were identified on basica lly the same grounds. MC obtai ned 
from a lentigo maligna or superficia l spreading mela nomas by trypsin-
ization were sufficiently similar to normal M to be distinguished from 
K despite orne morphologic inegularity and variabili ty. MC from 
nodular portions of superficial spreading melanomas and metastases 
were predominantly spindle-shaped to bipolar or cuboida l; they were 
easily identified in the virtua l absence of accompanying cell types. 
Ultrastructural identification of MC was carried out according to t.he 
above cri te ria. 
Evaluation of Lectin Labeling: Fluorescent labeled specimens were 
read with an Ortholux incident light flu orescence microscope (Leitz 
Wet:zlar, FHG). A distinct flu orescent rim around the cells, indicatin~ 
membrane flu orescence, was rated positive. Fluorescence in tensity was 
judged semiquanti tatively on an arbitrary scale ranging from - to 
++. E lectron microscopy was carried out with a P hilips 400 electron 
microscope operating at 80 kV. 
RESULTS 
L ectin Labeling 
General: The r esults of th e fluorescent a nd ul trastructmal 
labeling experimen ts were both invariably concordant and 
highly re producible. Specif icity controls wi th t h e specific inhib-
itory sugar s were consistently negative both with fluorescence 
a nd peroxidase -la beled lectins. Control cultures treated as de-
ta iled in (1) a nd (2) (see Materials and Methods) were indis-
t inguis hable from experimental cul tmes, t hus ruling out inter-
fere nce of osmolarity a nd fixation. T h e absence of autofluores-
cence, endogenous peroxidases, a nd unspecific binding of HRP 
was demonstrated by t h e negative con trols (3) and (4). Inter-
nalization of th e bound lectins under the labeling condi tio ns 
chosen was not o bserved by e lectr on microscopy. 
Lectin binding to normal hu.man. epidermal cells: According 
to their different binding patterns to epidermal cells, 3 groups 
of lectins were distinguished (Table II). Grou.p 1: Lectins bind -
ing to both K a nd M . Fluorescen t label (Fig lA,B) a nd peroxi-
dase reaction product wer e evenly distribute d o n th e cell m e m-
brane, no differe nces being evide n t between cell body and 
d e ndrites . No change oflabeling patterns nor intensity occunecl 
fo llowing neuraminidase pretr eatmen t. Group 2: Lectins bind-
ing to K, but not toM. N o binding capacity of M for th e L-Fuc 
s pecific lectin UEA I emerged after neuraminidase pretr eat-
m en t. Grou.p 3: Lectins binding to K, but not or only extremely 
weakly to M (Fig 2) except for areas of contact between M 
(dendrites or cell body) a nd K. In con trast to group 2 lectins, M 
were h eavily labeled after neurami nidase pretreatmen t (Fig 3). 
Only lectins specific for GalNAc (soybean agglut inin, SBA; 
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FIG 1. Con A-labeling pattern. A and B, Epidermal cell culture conta ining melanocyte (wTows) and keratinocytes, FITC-Con-A; C and D , 
Melanoma cell culture from superficia l spreading melanoma, FITC-Con-A. Note membrane fluorescence in all 3 cell types at fl uorescence 
microscopy (A,C). Negative ce lls are shown in Fig 2 A,B. Band D: p hase contrast, X 250 (A-D) . 
F IG 2. PNA-Iabeling patte rn. A and B, Epidermal cell cultu re containing melanocytes (arrows) and keratinocytes (!() , FITC-PNA. C, 
Mela nocyte, HRP- PNA. D, Keratinocyte, HRP- PNA. Note membrane fluorescence or HRP-reaction prod uct, respectively in J( (A,D); 
melanocyLes are un labeled (A,C). A a nd B: fluorescence and phase contras t microscopy, X 250. C a nd D: EM, X 22,000. m = singly dispersed 
melanosomes, me = melanosome complexes, l = tonofilament. Bars = 0.5 J.Lm. 
April1983 IDENTICAL LECTIN BINDING PATTERNS OF MELANOCYTES AND MELANOMA CELLS 275 
'. t;- ~ 
FIG 3. Effect of nem aminidase pretreatment on SBA labeling of melanocytes within epidermal ce ll cultm es. A, B, a nd D, Neuraminidase 
pretreated. C, Untreated melanocytes. A and B: FITC-SBA. C and D: HRP-SB~. Compa re heavy labe l on pretreated melanocytes (A , D) to 
unlabeled untreated mela nocyte (C). A a nd B: flu orescence and phase contrast microscopy, X 250. C a nd D: EM, x 34,000. m =singly dispersed 
melanosomes. Bars = 0.5 ,um. 
Helix p omatia agglu tinin, HPA) and for terminal, nonreducing 
D-Gal (peanut agglu tinin, PNA) displayed this binding pattern. 
Lectin binding to human m elanoma cells: MC from all 
clinical varieties of melanoma investigated exhibited lectin-
binding properties identical to normal human M (Table II). 
They bound concanavalin A (Con-A) (Fig 1C,D), wheatgerm 
agglu tinin (WGA), and succinylated WGA irrespective of neur-
aminidase pretreatment. SBA, HPA, and PNA were not or only 
very weakly bound (Fig 4A,C). After neuraminidase pretreat-
ment labeling was very strong (Fig 4B,D). UEA I was negative 
in all experiments. The labeling patterns proved strikingly 
uniform in all cultmes; no single cells or cell clones of divergent 
lectin binding behavior were opserved 'although several cultures 
contained clones of strikingly different morphologic chru·acter-
istics. 
DISCUSSION 
The above data demonstrate that: (1) Only minor interspecies 
differences exist between the lectin labeling patterns of guinea 
pig and human epidermal cells. As the only discrepancy, guinea 
pig K were negative for the L-Fuc specific lectin UEA I, whereas 
human K were positive in accordance with autoradiographic 
[5,6] a nd tluorimetric (7] studies by other groups. The signifi-
cance of this species-related difference is unknown at present. 
(2) All MC investigated exhibited the same lectin labeling 
pattern as normal M-both guinea pig a nd human-regardless 
of the iT state of dedifferentiation, and the clinical chru·acteristics 
of their tumor of origin. The lectin binding pattern obse rved 
was uniform even in cultures t hat obviously contained clones of 
different morphology. 
The M/ MC lectin binding profile is thus characterized by 3 
features: (1) reactivity for lectins specific for D-Glc/ D-Man, 
GlcNAc, and s ialic acid residues, (2) absence of binding sites 
for a lectin specific for L-Fuc, and (3) t he masking of GaJNAc 
and D-Gal by sialic acid. 
The presence of the group I sugar residues on M/ MC cell 
surfaces is not surprising since these residues are found in most 
cell types hither to investigated [8], including epidermal cells 
(5-7, 9-11). Sialic acid very often terminates the oligosacchm·ide 
chains of both glycoproteins and glycolipids (12]. D-Man and 
GlcNAc form the co re structure of oligosacchaTides, which are 
N-glycosidically linked to asparagine in glycoproteins (13]. Glc 
and GlcNAc m·e present in most membrane glycolipids [8]; 
Con-A and WGA bind to these residues independent of their 
position (internal, terminal) within the oligosaccharide chain 
(14- 16]. 
The a bsence of binding of the L-Fuc specific UEA I to M/ 
MC cell surfaces is in accordance with observations on B-16 
melanoma cells (17]. In this proper ty, M / MC are simil ru· to a 
number of other cell types such as undifferentiated pancreatic 
acinar cells (18], embryonic a nd adult endocrine pancreatic cells 
[18,19], and baby hamster kidney cells [20]. The failme of 
new·aminidase pretreatment to induce UEA I binding suggests 
that L-Fuc residues are not merely masked by sialic acid but in 
fact are absent from M/ M C or are present only in undetectably 
low a mounts (19,21]. Alternatively, these residues on M / MC 
surfaces may be rendered sterically inaccessible by glycosyla-
tion of neighboring sugar residues (14]. 
The most interesting characteristic of M/ MC lectin binding 
is the apparently obligatory masking by sialic acid ofD-Gal and 
GalNAc. These residues are often located in a terminal or 
subterminal position, as in glycoproteins [13] or in glycosphin-
golipids (8,22]. Absent binding of PNA, which exclusively rec-
ognizes terminal, nonreducing D-Gal [23] in M / MC, a nd its 
emergence following neura minidase pretreatment can be ex-
plained in two ways. D-Gal may be masked directly if located 
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FIG 4. Effect of neuraminidase pretreatment on SBA labeling of melanoma cells derived from a lentigo maligna (A,B) and a lymph node 
metas tasis ( C,D). Note thick layer of HRP-reac tion product on surfaces of neuraminidase-treated melanoma cells (B,D), whereas untreated cells 
a re unlabeled (C) or only very weakly la beled (A) . m. = Singly dispersed melanosomes in various stages of differentiation, av = autophagic 
vacuole. A and B: X 31,000. C and D: X 25,000. Bars = 0.5 /-lffi. 
in a penultimate position to a terminal sialic acid. Alternatively, 
the masking effect may be indirect by sialic acid residues on 
neighboring oligosaccharide chains, which modify the steric and 
electrostatic conditions of the cell membrane in such a way that 
PNA cannot reach the terminal D-Gal [18]. In both cases, 
removal of sialic acid by neuraminidase renders D-Gal residues 
accessible to PNA. Similar mechanisms may be operative for 
SBA and HPA. 
The masking of PNA binding sites by sialic acid is a feature 
common to a number of other cell types such as human and 
guinea pig erythrocytes [24], which can only be agglutinated by 
PNA following neuraminidase pretreatment, macrophages 
[25], sprouting neurons [26], and pancreatic cells [18,19]. The 
function of this masking phenomenon has been linked to differ-
entiation processes, e.g. , in murine and human T and B lym-
phocytes [27], murine nerve cells [28], and avian neural crest 
cells [29]. As a related phenomenon, the metastasizing capacity 
of B-16 melanoma cells has been shown to be positively corre-
lated with the degree of sialylation [30]. 
Human K differ strikingly from M in that they possess 
accessible binding sites for PNA, SBA, and, to a lesser degree, 
for HP A. It is unclear as yet whether and in which way this 
difference may be related to the respective cell functions and 
behavioral characteristics. Cell-to-cell recognition systems 
based on the complementarity of a patticular carbohydrate on 
one cell type and a specific membrane-bound carbohydrate 
binding protein on the other have been described [31-33]. 
Hepatocytes and Kupffer cells [34] recognize desialylated eryth-
rocytes by means of aD-Gal binding membrane protein (mem-
brane lectin). It is tempting to suspect a similar model for M-K 
interactions. Recently, Raz and Lotan [35] detected a D-Gal 
binding membrane protein on human melanoma cells. The 
spontaneous emergence of PNA and SBA binding sites at M 
membrane regions in direct contact with K might be specula-
tively interpreted as the expression of such a mechanism in the 
process of pigment transfer. Although further studies are re-
quired to completely rule out a diffusion artifact as the cause of 
this phenomenon, it is interesting to note that a similar phe-
nomenon has been observed in a related cell type, i.e., sprouting 
neurons [26]: the density of binding sites for Ricinus communis 
agglutinin II, specific for D-Gal and GalNAc, increases gradu-
ally from the cell body to the growth cone, which is the 
analogous structure to M dendrites. This finding has been 
interpreted in terms of a possible recognition function in syn-
aptic cell-to-cell contacts [26]. 
The high degree of sialylation of M/MC, as suggested by the 
masking of D-Gal and GalNAc residues in our experiments, is 
in accordance with the detection of high quantities of sialic acid 
in glycoproteins of murine [17] and human [36,37] MC as 
assessed by cell surface radiolabeling and gel electrophoresis. 
This latter finding has been interpreted as a trait Ii.rnited to the 
transformed state of melanoma cells [37]. Our data, on the 
contrary, indicate that it has to be regarded as a universal 
marker of mammalian melanocytic cells which is retained even 
under neoplastic transformation. 
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The Gordon Research Conference on Epithelial Differentiation and Keratinization, chaired by Drs. W. L. Epstein 
and H. P . Baden, will be held at the Tilton School, Tilton, New Hampshire, August 8-12, 1983. August 8: Epidermal 
gene action (E. Fuchs, modera.tor). August 9: Cell surface molecules (I. A. Bernstein, moderator) . August 10: Cell 
attachment and adhesion (M. Karasek, moderator) . August 11 : Retinoids, carcinogenesis and differentiation (S. H. 
Yuspa, moderator). August 12: New vistas (L. Goldsmith, moderator). A poster session will be held Tuesday evening, 
August 9. Posters will be selected from abstracts sent to W. L. Epstein, Depru·tment of Dermatology, University of 
California, San Francisco, California 94127. Additional information: Alexander M. Cruickshank, Director, Gordon 
Reseru·ch Conferences, University of Rhode Island, Kingston, Rhode Island 02881. 
